Abstract: Absorbing aerosols can significantly modulate shortwave solar radiation in the atmosphere, 12 affecting regional and global climate. Aerosol absorption coefficient (AAC) is an indicator to assess the 13 impact of absorbing aerosols on radiative forcing. In this study, the near-surface AAC and absorption 14 angstrom exponent (AAE) in urban Nanjing, China, are characterized on the basis of measurements in 15 2012 and 2013 using the 7-channel Aethalometer (model AE-31, Magee Scientific, USA). The AAC is 16 estimated with direct and indirect corrections, which show consistent temporal variations and 17 magnitudes of AAC at 532 nm. The mean AAC at 532 nm is about 43.23±28.13 Mm -1 in urban Nanjing, 18 which is much lower than that in Pearl River Delta and as the same as that in rural areas (Lin'an) in 19
observed in June 2012 and in winter 2013, greatly enhanced AAC and altered its temporal variations 25 and frequency distributions. These episodes are mostly due to local emissions and regional pollutions. 26
Air masses from northern China to Nanjing can sometimes be highly polluted and lead to high AAC at 27 the site. AAE at 660/470 nm from the Schmid correction (Schmid et al., 2006 ) is about 1.56, which 28 might be more reasonable compared to that from the Weingartner correction (Weingartner et al., 2003) . 29
Low AAEs mainly appear in summer in response to the relative humidity (RH). AAC increases with 30 increasing AAE at a fixed aerosol loading. The RH-AAC relationship is more complex. Overall, AAC 31 peaks around RH values of 40% (1.3<AAE<1.6), 65% (AAE<1.3 and AAE>1.6), and 80% 32
(1.3<AAE<1.6). 33 34
Introduction 35
Atmospheric aerosols, their loadings having increased in recent years, can significant influence 36 regional or global climate because of their direct and indirect interactions with shortwave solar 37 radiation in the atmosphere (Forster et al., 2007) . Absorbing aerosols, which is mostly composed of 38 dust in desert areas and of black carbon (BC) in the regions with frequent human activities, can 39 strongly absorb solar radiation, resulting in changes in the atmospheric circulations and hydrological 40 cycle. Although the warming effect of CO 2 could be greatly offset by the scattering aerosol direct effect 41 in the regions with high aerosol concentrations (Kiehl and Briegleb, 1993) , it might be further 42 strengthened by BC aerosols because the warming effect of BC aerosols on the global scale is 43 significant, only surpassed by CO 2 (Jacobson 2002 ). Menon et al. (2002) suggested that the trend of 44 precipitation in China over the past decades, with increased rainfall in the south and drought in the 45 north, might be related to the variation of BC in the region. 
Calculation of AE-31_absorption coefficient 100
The absorption coefficient is defined with Beer-Lambert's law as shown in Eq. scattering of light at the filter fibers (multiple scattering effect), which may result in the overestimation 126 of the  , and 2) instrumental response with increased particle loading on the filter (shadowing effect),
127
which may lead to underestimation of the  . Therefore, the calibration factors C and R (shown in Eq.
128
3) are introduced to address the scattering effect and shadowing effect, respectively: 129 
Both of them have the same ( )
And R =1 when ATN  10. f can be calculated according to Weingartner et al. (2003) :
Where  is the wavelength depended single scattering albedo (SSA) and n is a constant (=0.86  0.01). Note that the reliability of n value (0.86) is limited because this value is mostly estimated under the condition of   0.6, which may result in large bias. Therefore, an empirical 145 f =1.2 (when   0.9), which is independent of wavelength as suggested by Schmid et al. (2006) , is 146 used for both WC2003 and SC2006 in this study. 147
The multiple-scattering correction in WC2003 is also different from that in SC2006. Weingartner 148 (Weingartner et al., 2003) indicated that the two waveband (450 and 660 nm) averaged C was about 149 3.6 for non-fresh soot. In this study, C in WC2003 is independent of wavelength and is set 3.48 for
150
China according to Wu et al. (2013) . In contrast, Schmid (Schmid et al., 2006) pointed out that C , 151 which is wavelength depended, is initially expressed as following: 152
where s m represents the fraction of the aerosol scattering coefficient and  is SSA. Optical properties from CE-318 were used in this study because there was no concomitant scattering 155 measurements at the site during the whole sampling period. Thus, we assumed that SSA and Angstrom 156 exponent (AE) at the low layers of atmosphere were equated to the column ones. while at 2 o'clock pm, it was about 33 Mm -1 . Normally, large AACs during these periods of the day 243 might be caused by the vehicle emissions (because the site is surround by several main roads with 244 apparent traffic pollution as mentioned in Section 2) while the small AACs in afternoon was induced by 245
well developed boundary layer (Zhuang et al. 2014b ). Because the diurnal variations of AAC at 532 nm 246 from IDC, WC2003 and SC2006 are similar (Fig 4a) , one of them (SC2006) was selected to 247 characterize the AAC's diurnal variation in detail (Fig. 4b ). AAC's diurnal variation shows much 248 stronger seasonality in 2013 than that in 2012 (Fig. 4b) , which might be caused by substantial pollution 249 episodes discussed above. In 2012, highly intensified biomass burning in early June near Nanjing 250 resulted in a higher BC level (Zhuang et al., 2014b ) and thus a larger AAC than those in 2013. 251
Extremely high levels of AAC in winter in 2013 might also result from the poor air quality during these 252 periods. In addition to its seasonality, the diurnal cycle itself could deviate from its normal pattern 253 (peak at rush hours and trough in afternoon). who suggested that the quasi-two-week oscillation might be a regional rather than local phenomenon in 297
China even in East Asia. 298 299
Varied with wavelength of the aerosol absorption coefficient 300
In the previous sections, single wavelength AAC (at 532 nm) is discussed as the AAC 301 distributions and seasonal variations are similar among different wavelengths. In this section, 302 wavelength depended AACs as well as absorption angstrom exponents (AAE) at 660/470 nm corrected 303 by WC2003 and SC2006 are further examined (Fig. 7) . AACs from both WC2003 and SC2006decrease with increasing wavelength (Fig. 7a) . Although AAC at 532 nm from WC2003 is closed to 305 that from SC2006, substantial differences exist at other wavelengths. WC2003-AACs are smaller than 306 were much lower than those in PRD but higher than those in non-urban sites of North China 347 (Shangdianzi, Tongyu and Yulin). In YRD, annual AAC in urban Nanjing was as large as that in ruralareas (Lin'an), which is similar to the BC concentrations there (Zhuang et al., 2014b) . 349
Aerosol absorption coefficient in different wind directions 351
In addition to local emissions, the meteorological factors such as the prevailing wind could also 352 affect the AAC and AAE in urban Nanjing. Backward trajectories analysis shown in Fig. 8a and 8b  353 indicated that Nanjing could be affected by local air flow and long-distance air flows mostly from 
118.76
o E, 8 m tall) during the entire study period (Fig. 8c) suggests that the distributions of the near 360 surface wind directions somewhat agree with those from the backward trajectory analysis. However, 361 the winds near the surface come from the southeastern to eastern directions more frequently, 362 accounting for more than 35% of the totals. Probabilities of the wind from south to west account for the 363 least (Fig. 8c) . The wind speed is mostly concentrated in the values from 2 to 6 m/s in Nanjing during 364 the period. Considerable air pollutants are derived from local and sub-regional emissions as presented in cluster 6 373 ( Fig. 9a and 8a ) in 2012 and in cluster 3 (Fig. 9b and 8b) Fig. 8a and 8b) were relatively clean, leading to smaller AACs in Nanjing ( Fig. 9a and 9b 
Relationship between aerosol absorption coefficient and its absorption angstrom exponent 389
Aerosol absorption coefficient is directly determined by the loadings of absorbing aerosols. 390
Additionally, both aerosol size's distribution and relative humidity (RH), especially the former, are 391 closely related to the variation in AAC. Figure 10 shows the relationships among AAC at 532 nmcorrected by SC2006, AAE at 660/470 nm corrected by SC2006 and RH. It suggests that changes in 393 aerosol mass (or specific) absorption coefficients (MAC for short, defined as ratios of AAC to BC 394 loading, in m 2 /g) at 532 nm are closely relative to the variations of AAE. High levels of MAC mostly 395 appear in the ranges with large AAE, implying that absorbing aerosols with smaller sizes might absorb 396 more solar radiation because the fine particles have much larger specific surface areas compared to 397 coarse ones. The linear correlation coefficient between MAC and AAE exceeds 0.92 in urban Nanjing 398 during the study period (Fig. 10a) . Changes in AAE somewhat are influenced by the variations of RH. 399 
(corresponding to large size of the aerosols). These results could further explain why AAE in urban 402
Nanjing is relatively small when the air masses come from the oceans as discussed in the previous 403 section ( Fig. 8 and 9 ). In addition to AAE, AAC is also affected by RH, as shown in Fig. 10b for 404 AAC-RH relationship in different AAE levels. Large AAC appears in the range with large AAE while 405 coarser aerosols (AAE<1.3) could only be found in the condition with relatively large RH. Changes in 406 AAC with RH are different within different bins of AAE. Polynomial fitting between AAC and RH 407
indicates that the peaks of AAC mainly concentrate at the value 65% of RH for the finer (AAE>1.6) 408 absorbing aerosols (unimodal). While for coarser ones, quasi-bimodal distribution of AAC is found. 409
High levels of AAC within the ranges of AAE from 1.3 to 1.6 mostly appear at the value of 40% and 410 80%. Large AACs within the ranges of AAE below 1.3 are mostly found in the value of 65% and 85%. 411
Polynomial correlation coefficients of these three fittings are 0.25, 0.16 and 0.38, respectively, which is 412 statistically significant at the confident levels of 99%, 99% and 90%. 413
Aerosol absorption coefficient during pollution episodes 415
The previous analysis indicates that extremely high levels of aerosol could be observed due to 416 serious pollution episodes, which might affect the temporal and frequency distributions of AAC in 417 urban Nanjing. Diurnal variation of BC in the period from 1st to 15th June in 2012 was altered 418 significantly from its normal distribution (Zhuang et al., 2014b) , so does the AAC in this period as 419 expected. The mean value of AAC at 532 nm from January 2012 to December 2013 shown in Table 1 The direct and indirect corrections closely agree in terms of the temporal variation and magnitude 445 of AAC at 532 nm in the entire study period except in spring and summer possibly due to the 446 shadowing effect which is strong in these seasons. AAC at 532 nm corrected by IDC is the largest, 447 followed by that from WC2003 and SC2006. The mean AAC at 532 nm averaged from these three 448 corrections is about 43.23±28.13 Mm -1 in urban Nanjing, with substantial seasonal and diurnal 449 variations. Higher AACs often appeared in cold seasons (at rush hours) while lower ones in summer (in 450 afternoon). Small AAC in summer (in afternoon) were partially due to large scavenging efficiency and 451 smaller emission rates of the aerosols (the well developed boundary layers). AAC in urban Nanjing is 452 much lower than that in Pearl River Delta but higher than that in non-urban sites of North China. sample spot in the filter (or the speeds of the tape advance) show significant differences among 471 different AAC levels. It is much shorter (mostly no more than 5 hours) in the periods of pollution than 472 those in clean days (more than 9 hours). 473
The AAC at the site generally decreases with increasing wavelength. Although AAC at 532 nm 474 from WC2003 is closed to the one from SC2006, its decline rate is smaller than SC2006's because the 475 scattering correction C from WC2003 is independent of wavelength. Thus, AAE at 660/470 nm from finer (AAE>1.6) and coarser (AAE<1.6) absorbing aerosols, respectively. The peak AAC mainly 496 concentrates at RH= 65% for the aerosols with AAE<1.6. For the aerosols with 1.3<AAE<1.6, the 497 maximum AACs appear around RH being 40% and 80%, while for AAE<1.3, AAC peaks around RH 498 being 65% and 85%. (Fig. a) . Annual (dash 649 lines) and seasonal (bars with error bar) absorption angstrom exponents at 660/470 nm from WC2003 650 (light blue) and SC2006 (green) both in 2012 (Fig. b) and 2013 (Fig. c) . 651 
